Heritability is an important statistic for evaluating genetic contribution to phenotypes. 13 Estimating heritability, however, requires a laborious recruitment of a large number of 14 relatives. Electronic health records (EHR) contain massive relative information in 15 emergency contact forms. Recently, we presented RIFTEHR, an algorithm for 16 extracting relationships from EHR. Here, we present an updated version and 17 reconstructed 4.2 million familial relationships from the latest New York-18 Presbyterian/Columbia University Irving Medical Center (CUIMC) EHR system. The 19
privacy in running the algorithm. These resources can be used for generalized use of 23 familial relationships from EHR in genetic studies.
25
Introduction: 26 Heritability is the fraction of phenotype variance due to genetic differences (Tenesa & 27 Haley, 2013). It is valuable in identifying disease risk factors, predicting disease risk 28 and preventing disease (Chatterjee, Shi, & García-Closas, 2016) . The widely used 29 method for estimating heritability without genetic data is family-based studies, Electronic health records (EHR) store massive patient relationships in their emergency 37 contact forms. This information has not been used for genetic studies until recently. In In this study, we applied RIFTEHR algorithm to the latest CUIMC EHR system, and 54 reconstructed 4.2 million familial relationships. To adapt the algorithm for large-scale 55 data processing, we came up with a linear time implementation of mapping. And to 56 protect patient privacy, we provided a data encryption method. Heritability is commonly estimated by family-based studies. Sample size is one of the 149 key issues of these estimations. Here, we again presented the value of EHR as a 150 comprehensive resource to overcome limitations in genetic studies. Leveraging the 151 updated data from CUIMC EHR system and the RIFTEHR algorithm, we built over 4.2 152 million familial relationships and 260,000 family pedigrees from a single institution -153 a 30 percent increase than our previously study (Polubriaginof et al., 2018) .
155
Besides twins and siblings, we also construct the extended family, including second-, probably filtered out many non-blood relatives, and the data is cleaner than the original.
164
The EHR is a valuable source of phenotype information for scientific and health Here, we improve on the previously published extraction algorithm. We created a linear 168 time implementation of RIFTEHR algorithm which will better scale with the data as it 169 continues to grow. We also provided a demographic information encryption method, to 170 protect patient privacy in extracting familial relationships. and unknown relatives. Ratio is calculated as version 2/ version 1. 
